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GLIDING 



why not try 
using gravity? 


/-ocket propulsion is still hard, polluting'' 
and all. Until I have another engine 
\design, how could I stay in the air? 


what do you mean by GLIDING? 


gravity? But that's not an 
ENGINE. When I throw a 
pebble, it falls down, nothing 
else. You can't call that flying. 


LJ_ 

you don't have to plummet like 
a stone. By GLIDING you can 
take your time going down. 


i F: AERODYNAMIC ^ Sh: HORIZONTAL 
f FORCE ^ SPEED A ^ " 


Sv: VERTICAL 
SPEED 

(descent rate) 


^S: SPEED rT ccu a 

^W^flight path jw: WEIGHT ( 

with WINGS, you can, if moving with speed S, create an 
AERODYNAMIC FORCE F proportional to the square of that speed, S 2 




look, Archie, we're going to build a very simple 
flying machine using paper, tape, spaghetti, 
and a clothespin y— 





O o 


We'll build that frame out of 
spaghetti jointed with tape 
and tied together with thread 



4 - 









to turn, I shift my 
weight to the side 


y^irfastraight line: descenT"^ 
rate 8.2 feet/s (2.5 meters/s). 
When turning, strong slip inward 
and descent rate is 11.5 feet/s 
v '--^__(3.5 meters/s) 


glide ratio 3. Barely 
better than an anvil 




SELF-STABILIZING 
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f Archie, remember the first volume of this comic. You can only 
get LIFT at the expense of a PITCHING MOMENT P. It's the 
same with your HANG GLIDER. It's your weight W that balances 
the diving torque in flight. You're hanging from halfway down the 


* 0 pitching moment P 


jina hang glider is located 40% back of the LEADING EDGE (*) 




'shifting the weight W 
backward creates a 
counter-moment that 
balances out the 
aerodynamic pitching 
/•moment 


\ / "VJ ^ / /it.* 1 N 1 a 

^In STRAIGHT winqs J-j -0 the aerodynamic force F is applied at 25% back ot <rr~r~^ 
the leading edge [j aerodyn, 


AERODYNAMIC CENTER 





Aerodynamic center 



'W weight 


think about it: the counter-moment you get from shifting 
your weight is W x L. It balances out the pitching moment P, 
which varies like the square of the speed, S 2 , like all 
aerodynamic effects (LIFT, DRAG) that together add up to 
the AERODYNAMIC FORCE F (*) applied to the wing's 
AERODYNAMIC CENTER. With your hang glider, if you dive 
and gain speed, you'll get the pitching moment P (which 
varies like S 2 as well) to a value so high that your 
counter-moment W x L will be unable to overcome it (**) 


Archibald was that close to leaving his FLIGHT ENVELOPE 
and getting an UNCONTROLLABLE machine! 


But that's horrible! What's the solution to that? 



(*) Some textbooks call this RESULTANT AERODYNAMIC FORCE, abbreviated to R 

(**) Lack of awareness of this hazard caused many accidental deaths through the 1970s 


an aerodynamic problem requires a solution 
of an aerodynamic kind. That's what 
Sophie suggested to Archie in the first 
book of this series with the TAILPLANE 



n * 


P = f xL 





these devices, called "FLOATINGS", do not touch 
the sail in normal flight, but if overspeeding or 


nosediving become dangerous, they keep the back 
of the sail raised, forcing automatic leveling out (*) 



PITCHING MOMENT 



diving and overspeeding wing 


Aircraft with rigid delta wings 
are made self-stabilizing (flying 
with pitching moment = 0) by 
merging the tailplane into the 
main wings and giving the airfoil 
a S-shaped cross-section 


''S-shaped cross-section 
of Concorde wing airfoil 



a traditional paper dart flies like a hang glider. The center of gravity is obviously 
in the middle, whereas the AERODYNAMIC CENTER is 40% along the CHORD of 
the airfoil. The counter-moment from the weight balances out the 
pitching moment from the lift. In a deep dive, it won't level out. 

* You can make the airfoil self-stabilizing by folding down the nose 

4~— -( slightly and by raising the tail equally slightly, This makes the 

__ dart S-shaped and lets it (among other things) fly more slowly. 

The Management 


turn at unchanged descent rate 
(8,2 feet/s - 2.5 meters/s) 



but your machine still has a major 
shortcoming. To turn, you must shift 
your weight in the turning direction, and 
this starts a strong SLIP INWARD. 

The DESCENT RATE becomes 
11.5 feet/s (3.5 meters/s) 


slipping turn, 
y/ descent rate 11.5 
'Feet/s (3.5 meters/s) 


(*) these simple devices were shown at once to work perfectly. 




HOW DO BIRDS 
MANAGE TO TURN? 






This very ingenious design called "floating crossbar" lets the pilot, by shifting weight, 
to move the keel from the hinge M of the half-crossbars A and B, which have the same 
length. Moving an inch or two (a few centimeters) lets you make tight turns. 

The Management 



if I want to design an efficient SAILPLANE, I have to 
get rid of all sources of energy waste, TURBULENCE 
first and foremost. If my sailplane leaves behind a lot 
of air set in motion in its wake, that's wasted energy 

l all these cables are the source of~~'~~''\ 
n. / signif icant DRAG: remove them. j 

The pilot: inside the structure. / 

, l Smooth walls, without protrusions. J 
\OvE ver yi'h'ng needs redesigning .— 



-^/That's not ^ 
bad. But how do I 
fly this machine?^ 


I can move back and forth in the cockpit to climb or dive. I 
installed windows on both sides, and by sticking out my hand I 
can turn. But it's not very efficient and it causes turbulence, 
which is exactly what I want to avoid at all cost 



I stick my hand out 
to turn left. Hmm, 
not very efficient! 


By the way... 



Now that's interesting. When I stick out my hand that way, kind of like a wing, and 
I change its ANGLE OF ATTACK a, the force changes by the same ratio as the 
angle. Let's rig a horizontal tailplane with an angle of attack a I can change at will 


kP itchLJ P)angle o 
^ a negative 


"tthanks to these - ^ 
/ACTUATING RODS, Archie 
can remotely control the 
I horizontal tailplane of his flyin 
Vnachine using a JOYSTICK^ 







Wonderful! I can pitch down or up at will by acting on the STICK. 
That way, I can quickly control my sailplane's ATTITUDE 




normal descent, 
stick in "neutral". 
The tailplane 
applies a slight 
downforce (*) 



Archie pitches 
down by pushing on 
the stick: the 
horizon goes "up", 
speed increases 


Archie pitches up 
by pulling on the 
stick: the horizon 
goes "down", speed 
decreases 


(*) To balance the wing's pitching moment 


ft can just use my sailplane's i 

/cowling to check its ATTITUDE. If 
the horizon goes up, it means I'm 
pitching down. If the horizon goes 
down, it means I'm pitching up. The 
sailplane's speed changes accordingly. I 
Pitch-down attitude: it increases. / 
V Pitch-up attitude: it decreases^/ 


this COWLING CHECK 
is a most useful indicator 


The faster a sailplane goes, the louder and more audible the noise from 
wing friction becomes. Before speed meters were invented, sailplane 
pilots could be recognized at their elongated ears, from adaptation 






By increasing the curvature of my AIRFOIL, the aerodynamic force 
the wing creates becomes higher for the same speed S. Conversely, by 
shaping their wings this way, birds can APPROACH at a lower speed 






CONTROL SURFACES 


IrTthe end, it works like a boat's 
RUDDER, except that instead of steering left or 
right, you steer up or down _ 



which I will control from my COCKPIT, 
using my feet, by attaching cables to 
the rudder and to a RUDDER BAR 





wonderfully, Sophie. FLIGHT 
MECHANICS has nothing hidden 
from me. You just need to put 
control surfaces in the right places, 
and you can go up, down, right, or lef- 



even built a two-seater sailplane an< 
if you'd like, I'll take you for a ride 



Here. We're taking off downslope. With 
this joystick I can go up or down at will, 
and normally, by using the rudder bar 



Gosh! I'm pushing my foot all the 
way and it's not turning! Sailplane's 
crabbing and nothing else!?! 








all this deserves an 
explanation. But first, 
pull lightly on the stick 
to prevent nosediving! 





BANKING 


Picture your sailplane without a vertical tailplane. A 


gust of rising air lifts the left wing, our sailplane will start 
SLIPPING INWARD but without YAWING. However, with the 
vertical tailplane in place, the WEATHERVANE EFFECT will 
tend to align the fuselage with the direction of motion: 



AILERONS 


aileron 


if BANKING is what makes the sailplane turn, 
then I can trigger it by changing the airfoil 
curvature using wingf laps: AILERONS, 
controlled separately 

\ST 




I can bank my plane by actuating the ailerons with the 
stick. Then, due to the weathervane effect, my vertical tailplane 
will initiate turning, and I'll pull a bit on the stick to maintain my 
^ATTITUDE to keep my sailplane from nosediving and going down. 


figured out a way 
control ailerons with 
the stick, by tipping 
it right or left 


you should give it some foot 


as well that u 





yay! I+'s working. Turn initiated 



■''and see, once it's started~your\ 
sailplane turns almost by itself. \ 
You just use the controls to I 
vcoordinate your turn 



if the turn is well coordinated, the 
sailplane should slide like a ball 
rolling along a spiral-wound groove, 
or like a sleigh sliding over ice 
without skidding either left or right 



but how to tell whether you're slipping 
inward or skidding outward relative to 
something you can't see, like air 





TURN CONTROL 
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Tie first indicator is your BOD9 
which gets a good perception of 

PPING or SKIDDING _ 


First instrument: THE BALL 



ictually, it's much less\ 
marked and you need some\ 
[experience to FLY BY THEJ 
>EAT OF YOUR PANTS/ 




It's a curved glass tube filled with 
oil, inside which there is a ball 

F (or R) 



Z3 


SHORT DIGRESSION ABOUT HANG GLIDERS (see page 16) 



the hang glider pilot | 


Once the turn starts, banking does 

shifts her weight to 


its job. It persists because the 

start her turn 


outside wing moves a bit faster 



the hang glider pilot doesn't need 
a ball, SINCE THE BALL IS THE 
PILOT! The turn tightens until the 
centrifugal force aligns the pilot's 
body with the aircraft's plane of 
symmetry, where the floating crossbar 
system will keep it automatically 



ENTRIFUGALl 
FORCE 

/The centrifugal force balances 
out the radial component of the 
aerodynamic force _ 




THE WOOL YARN 


3o 




COORDINATING CONTROLS 


3f 




I pull on the stick to 
pitch the aircraft up 


STALLING 



watch out, clouds, 
there I come 



Sophie, we're falling^ 
down like a stone!! J 


/"and I didn't toucn^ 
(anything what's going o 


'Sweetheart, you just ^^ 
performed a splendid stall/ 

v /Tdid WHAT?") U?/ 


let me explain. This is a drawing of the 
airflow around your wing in normal conditions 



(^jnormal... how7^V=_ 

when ANGLE OF ATTACK a between 
the wing and the air flowing at speed 
S remains moderate, say 6 to 15° 


I 

I 





• On diagram A, a normal flight position 

•On diagram B, flight at a high angle of attack. The aerodynamic force's 
projection onto the direction of speed S still provides drag D, but the 
forward tilt of force F makes it project forward on the wing's plane 
*On diagram C, air can no longer go around the wing's leading edge. Due 
to centrifugal force, the airstream SEPARATES. Lift collapses. The 
sailplane "wave s" and nosedives _ 



After a DIVE the sailplane gathers speed again by itself. The 
airflow again becomes ATTACHED to the airfoil. Lift returns 
suddenly, because of the i ncrease in speed S. When the pilot 
feels the sailplane is stalling or sinking, she can return to a 
normal configuration faster by pitching down slightly, by 
pushing the stick forward, by LETTTN6 GO 

The Management 



yep! Over the Andes, I got 
caught into a gust of rising 
air, which triggered a 

DYNAMIC STALL 




SPINNING 



I was spiraling quietly, looking for something nice to eat, 
a carcass or something, Then suddenly, oooooh boy!! 

/fou stalled because the RELATIVE WIND shifted 
;^^vdirectifljns and increased the angle of attack? 


^YepjBut since thewm§\ 
inside the turn goes slower/ 
that'sthe one that stalled. 
Then everything went 
topsy-turvy. I was spinningy 
xjind spinning, oy veh!^/ 

« f the outside wingb 
r works at high 
angles. Force 
l F pulls on this 
\ wing and keeps 
\ the SPIN going , 


RELATIVE 

C V£) inside wing 
<$); is stalled 
- 


71 have to do something' 
\^but what? 



Pull on the 
stick? 

Hell, no! 


losing 330 ft (100 m) each turn! 






PARAGLIDER: 

WHEN THE SAIL CAN BECOME A SHROUD 




the paraglider evolved from the 
CELL PARACHUTE (or RAM-AIR 
PARACHUTE) that replaced the 
ancient round parachute^), only 
used as a back-up parachute now 



it's the median position of the 
pilot that balances out the wing's ^ 
pitching moment. The airfoil is 
inflated by overpressure along 
the wing's leading edge, made 
.of a loose-weave fabric 


i wearing a 
j parachute is 
I mandatory 
on sailplanes 

sailplanes 

colliding 



(*) Vertical descent rate is 19.5 ft/s (6 m/s). Descent rate of a cell parachute: 8 ft/s (2.5 m/s) 




A C (large angles) ) ' 

It's well-known that as the angle of attack (the direction of 
RELATIVE WIND) increases, the aerodynamic force applied to 
the wing's AERODYNAMIC CENTER, 25% along the CHORD, tilts 
forward progressively. The airstream eventually SEPARATES. The 
force decreases, but remains directed FORWARD RELATIVE TO 
THE AIRFOIL T 

(^Ught headwind^^ ° 


(stalled configuration) 


s TAKING OFF IN 
j. A PARAGLIDER 

The wing goes progressively from 
configuration 6 to configuration A 



In configuration D, the airstream is 
SEPARATED but the aerodynamic force 
lifts the wing above the pilot, who 
monitors the process and controls it using 
the rigging. When the wing is directly 
above her, she starts running and lifts off 
when the airstream is in configuration A 



The Management 






the paraglider pilot acts on the drag 
of the right and left halves of her wing, 
whose trailing edges are attached 
to control strings called BRAKES 



a brake 
control 


3 ? 


Here, the pilot is pulling on her right brake. She \r\crzaszs the 
DRAG of the right half of her sail. This starts her turning very 
efficiently. Paragliders fly slowly and can easily turn 
with a very short radius. The outside of 
the wing, which goes faster, rises 
higher (INDUCED ROLL) 



center of turn 



By pulling on both brakes at the same time, she can 
slow down her wing to the STALL SPEED. She'll 
perform that maneuver right before touching the 
ground when LANDING, to cancel her speed 


But other than that, this maneuver is 
VERY DANGEROUS. It may also be 
caused by a strong GUST OF RISING 
AIR triggering a DYNAMIC STALL 




I Dynamic stall flying in 
TURBULENT AIR during 
the middle of the day 





the tilt of the aerodynamic force forward 
along the airfoil pushes the wing (with its 
nearly-nil inertia) forward very fast 

If the pilot doesn't counter that motion (*) 
by braking the wing immediately, the wing 
ends up under her 



(*) An inexperienced beginner, 
however, will tend to... let go of everything! 
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If the incident occurs near ground 
level and the paraglider pilot is lucky 
enough not to end up inside her wing, 
a very sharp recovery may cause her 
to touch the ground very hard 



ankles and 
knees busted, 
vertebrae broken 



cell parachute 

irnmw 


In aerial sports, there's a trade-off to be found between PERFORMANCE 
and SAFETY. A flat airfoil allows higher speed, 

which is desirable to fly from one thermal to the next. But the flatter the 
airfoil, the sharper the stall. Designers also attempt to increase the 
GLIDE RATTO(*) (more on which later) by increasing the paraglider's 
ASPECT, thus making it vulnerable to WING COLLAPSE in TURBULENT 
AIR, which translate to altitude loss of at least 164 ft (50 m) before the 
wing REOPENS 

p araglide r with increasing aspect 



<i XfTTTT l> ^<E nTfTTTl > 



nice blue sky 
no warning,,, 


(*) From height h you 
can fly to distance 
d = g x h, g being 

the GLIDE RATIO 


this performance race also affects the hang-gliding world 


4 / 


/h\ c^TTTTrnsp 1 

11 7? 

single surface 


Currently 

double surface 



(with battens) 

16 miles/hr 

19-47 miles/hr 

25-62 miles/hr 

(25 km/hr) 

(30-75 km/hr) 

(40-100 km/hr) 

glide ratio 3 

glide ratio 7 

glide ratio 10 

8.2 ft/s (2.5 m/s) 

5.9 ft/s (1.8 m/s) 

3.3 ft/s (1 m/s) 


A good compromise is needed between performance 
and safety. The first hang gliders would never stall 
asymmetrically. Modern hang gliders, with their high 
aspect ratios and biconvex airfoils, behave as classical 
wings, and if stalling in a turn, can start SPINNING 

turn into final approach 



20 ft/s (6 m/s) 

/ parachute-like fall 



early hang gliders could serve as 
parachutes when falling straight down 




FLIGHT ENVELOPE 





there are three component: 

1 - atmospheric conditions 

2 - the aircraft 

3 - the pilot 


There are atmospheric conditions that 
preclude flying for certain aircraft 



paragliding is a leisure sport, 
riskfree in calm weather, such as 
an early morning with no wind or turbulent air. 

In turbulent air, risk is always present. 

Aircraft that look alike can have very different flight 
envelopes. Some are forgiving, others not so. Performance race, 
that disease of today's world, favors risk-taking. 


In the world of flying, a traditional saying go< 

THERE ARE OLD PILOTS AND BOLD 
PILOTS, BUT NO OLD, BOLD PILOTS 






WINDSOCKS 



Not all birds are built from 
the same plan. Some appear 
to fly barely flapping their 
wings. And then there's 
others, like hens... 



just because you have large wings doesn't 
mean you can show off. If we had room 
underneath, we could do as well as you 






As soon as she moves away from 
RELIEF ACCIDENTS, she stops 
being able to gauge distance 






STEEP BANK TURN 


/I don't understancT/\ 
f My wool yarn's in the ^ 
[ middle, my ball is centered, 

» my controls on neutral (...) 

\ and yet my speed keeps/ 


Dropped 650 feet (200 m) above 
ground, a hen finds herself unable 
to process her visual input into a 
3-dimensional mental map of the 
world around her. She then gets 
into a steep bank turn and cannot 
escape it (*) 




(*) Verified 



¥> 



idnbelievablej 


just fly two minuted 
with your eyes shut 
^and you'll see 




Birds that appear to fly 
and hardly get tired all 
have very long wings: 
raptors, albatross 



the way your wing works means you 
have higher pressure below, on the 
LOWER CAMBER, and lower pressure 
above, on the UPPER CAMBER. Then 
the following happens: 



you switched from a hang glider to 
a sailplane with a cockpit, making all 
the surfaces as smooth as possible 
to lower energy waste from the 
turbulence your craft creates along 
the way. But you forgot one source 


I 




WINGTTP VORTICES are 

a cause of ENERGY loss ^ 






since the tips cause energy 
loss, you just need to remove 
them, to make an endless wing 


Tiresias, stop speaking 
nonsense. There's no such 
thing as an endless wing!!! 


4 ? 



(*) Refer to it 

(**) If correctly centered 



WINSLETS 


sketch 



In a nutshell, WINSLETS are mini-wings perpendicular to the main wing, 
such that their airfoil generates a (low) INDUCED SPEED that prevents air 
from flowing around the wing, due to the pressure difference between lower 
camber and upper camber. Winglets create their own wingtip vortices, but 
the gain is so obvious that this idea, which might have emerged a century 
ago, is now progressively gaining ground throughout the aeronautics world. 



Based on the tests I performed using models, this new sailplane, from 1600 feet 
(500 meters) height above ground, should let us reach this large field you can 
see far away, near the horizon, at distance d = 12.5 miles (20 kilometers) (*) 





I optimized everything: airfoil thickness, flat for better air 
penetration. I even added a retractable 1-wheel landing gear. This 
.time I thought of EVERYTHING. I didn't leave anything to chance 



(*) which translates to a SLIDE RATIO of d / h = 40. But some sailplanes do better than 60 (descent slope = 1 degree) 



perfect approach, 


'ly so. Extending landing gear. I skillfully winged 


the trees at the start of the landing strip 





'"Idon't get it. Eagles have a good glide ratio. 
vYet, they manage to land on a very small spot 


AIR BRAKES 


St 



he raptor performs two maneuvers^ 
she lowers her lifting surface 
;nd brakes with her feathers 


(*) This happened to the author in Camp Simba at the Ngoro Ngoro crater 
in Tanzania back when he was a safari guide in Africa 



'you can use an assembly that pops out of the wing, spoils 
( lift (thus the name SPOILER) on a large fraction of the wing 

\ surface, and generates a very large drag, thus slowing down 
your aircraft. Thus, at 62 miles/hr (100 km/hr) you can 
descend at 13 ft/s (4 m/s), which brings your glide ratio 
ydown to (91 ft/s) / (13 ft/s) — (28 m/s) / (4 m/s) = 7 (**) 


* 

These are spee< 
relative to the 
surrounding air , 
With a headwin 
the descent 
slope is steeper 




I can control my descent by 
extending them more or less, 
and in the end it controls braking 


(**) instead of 1.6 to 3.3 ft/s (0.5 
to 1 m/s) in normal flight (relative 
to surrounding 
air) 



(**) these figures are close to the 
performance of an average training sailplane, 
with no spoilers, whose glide ratio q is > 30 


(*) this was tried on airplanes in the 1930s, with limited success 


